ABSTRACT.Brains from 7 p53-deficient mice on fetal day 13 were divided into 4 regions: cerebral cortex, cerebellum, upper spinal cord, and the rest of brain. They were trypsinized and cultured in mediumcontaining 10% fetal calf serum. By dilution culture, 138 clonal lines were established from every regions. The lines were characterized morphologically and immunocytochemically as neuronal, glial, myogenic, or unidentified. They were cultured for more than a year, indicating that the lines are immortalized. p53-deficiency alone is sufficient for establishing clonal cell lines of the central nervous system. A new method came from gene-targeting technology which "knocked out" the cell cycle-regulating gene p53. Mice without p53 grow normally and develop tumors 
ma)have been used as models of the central nervous system (CNS). They have provided significant information in neuroscience research. As the origin of these lines is from the neural crest, however, more appropriate cell lines should be derived from the CNSor neural tube. Such alternative CNSlines have been established recently by the use of several methods. Cell fusion between neurons and immortalized cells allows choice of specific types of neurons (2, 28, 29); however, the phenotypes of the resultant lines maybe unstable. Tumorsdeveloped in the CNSof transgenic mice are good sources for establishing cell lines (16, 20, 23) , although emergence of tumors is sporadic. Introduction of oncogenes to CNSprecursor cells provides immortalized lines (1, 4, (8) (9) (10) 18) and is promising, although some lines are unstable (22 and Tomooka et al , unpublished observations).
A new method came from gene-targeting technology which "knocked out" the cell cycle-regulating gene p53. Mice without p53 grow normally and develop tumors (6) . Cells from various tissues of the mutant can be cultured with almost unlimited passages, and clonal lines have been established (ll, 15, 26 
Cloning and passage
Patches or islands of cells with similar morphologyappeared as the cells proliferated and became con fluent within 7-10 days. Cell populations with homogeneous morphology were isolated with the tip of a micropipette under a phase-contrast microscope. They were then transferred to 24-multiwell culture plates and cultured in 10FCS or 10FCS supplemented with insulin (10 /^g/ml), transferrin (10^g/ml), sodium selenite (10~8M), and cholera toxin (lOng/ml), which (10+ ALL)was recognized as superior to unsupplemented 10FCS in growth stimulation. Therefore, cells with low proliferative activity were cultured in 10+ALLin later experiments. Most of them became con fluent monolayers of 1-3 types of cells within 2 weeks. Cloning was done in the following way: trypsinization of cells in each well was followed by reseeding 100-300 cells in 100-mmdishes; colonies of homogeneous cell populations were then isolated and transferred to 24-multiwell plates as described above. This procedure was repeated if they were not clonal. Clonal cells were trypsinized and transferred to 6-multiwell plates and to 100-mmdishes after reaching con fluency; then, one-tenth of them were routinely passaged in 100-mmdishes and fed with 10FCSor 10+ALL.Someclones were cultured in serum-free (SF) medium supplemented with insulin (10 fjtg/m\), transferrin (10 /^g/ml), sodium selenite (10~8 M), cholera toxin (10 ng/ml), and basic fibroblast growth factor (bFGF; 5 ng/ml, Boehringer Mannheim Biochemica, Mannheim, Germany). In some experiments, culture dishes were first coated with collagen prepared from mouse tails (25). Clones were designated FBD(fetal brain-derived).
Immunocytochemistry Cells in a small volume of cell suspension were seeded and cultured on Lab Tek tissue culture chamber/slides (Miles Labs., Naperville, IL) in 10FCS, 10+ALL or SF medium. Cells on the slides were fixed in 95% ethanol containing 1% acetic acid at 0°C for 1 hr. After rinsing with 99% ethanol, slides were placed in 95% ethanol and immersed in PBS. After pre-incubation at 0°C for 1 hr in PBS containing 5% normal goat serum (Zymed Lab., San Francisco, CA) and 1% bovine serum albumin (Sigma) to block non-specific binding of antibody, cells were covered with primary antibody and incubated for gham, MA), mouse monoclonal anti-neurofilament 200 kDa (NF200) antiserum (Amersham, Arlington Heights, IL), rabbit anti-glial fibrillary acidic protein (GFAP) antiserum (Lipshaw, Detroit, Mich), and rabbit anti-nestin antiserum (25). After washing, cells were incubated with secondary antibody for 30 min at roomtemperature. Secondary antibodies were FITC-conjugated goat anti-mouse or anti-rabbit IgG serum (TAGO, Burlingame, CA). Cells were lightly counterstained with 0.01% Evans blue. In control slides, incubation with primaryantibody was omitted. Immunoreactivity was examined with a fluorescence microscope. In this report, we characterized some of the four groups.
(a) Neuronal clones FBD102 and 103 FBD102was derived from cerebral cortical region, and recloned at passage 2. One of the subclones 102b was characterized in the present study. Most of 102b cells have multiple neurites, and they proliferate in 10FCSor 10+ALL (Fig. la) . They develop longer neurites with more branchings in collagen-coated than in non-coated dishes (Fig. lb) . Anti-nestin antibody stained all neurites and growth cones, but not cytoplasm (Fig. 2a) . Anti-NF200 and anti-GFAP antibodies did not stain the cells (data not shown). FBD103was morphologically similar to, but slightly different from FBD102. It was derived from cerebral cortical region, and recloned at passage 2. One of the subclones 103a was characterized in the present study. SomeFBD103acells have elongated and spread cytoplasm and others have spherical cytoplasm. All cells have multiple neurites and proliferate in 10FCS or 10+ALL (Fig. lc) . In SF medium, the cytoplasm became spherical, developing long neurites (Fig. Id) .
Anti-nestin antibody stained neurites and growth cones (Fig. 2b) . Anti-NF200 and anti-GFAP antibodies did not stain the cells (data not shown). Clone FBD51was derived from cerebral cortical region. FBD51cells have an epithelial morphology when they are scattered. As they reach con fluency, they become pear shaped with one or two short processes in 10FCS or 10+ALL (Fig. 4c) . In SF medium, however, they de- Only one clone (FBD51) was identified as glial. This clone has an epithelial morphology in serum-containing medium, but glial morphology was induced in SF medium. Therefore, culture conditions might be important to classify the clones that remain unidentified. {Receivedforpublication, November 24, 1997 and accepted, March 26, 1998) 
